Background: Stroke-associated pneumonia (SAP) is common in patients with acute ischemic stroke, and several risk factors have been reported. However, the relationship between underlying leukoaraiosis (LA) and SAP has not been addressed. Methods: We collected consecutive patients with acute ischemic stroke within 24 h of symptom onset. SAP was defined as the lower respiratory tract infection within the first 7 days after stroke onset, according to the modified Centers for Disease Control and Prevention criteria. LA was graded using the Fazekas scale in both the periventricular and subcortical areas. We evaluated LA burden by summing the grade and dichotomized into mild LA (0-2) or severe LA (3-6). Relationship between LA and SAP was analyzed by binary logistic regression analysis with variables of P < 0.05 in univariate analysis. Results: Three hundred eight consecutive patients were enrolled, and SAP developed in 44 patients (14%). Univariate analysis revealed that SAP correlated with age, initial NIHSS score, atrial fibrillation, impaired consciousness, dysphagia, severe LA and hyperlipidemia. On multivariate analysis, severe LA [adjusted OR (aOR) = 4. 41, 95% CI = 2.04-9.55, P < 0.001 remained independent predictors of SAP after adjusted confounders. Conclusions: In this study, LA was an independent predictor of SAP. This observation needs to be confirmed in suitably-designed, prospective studies.
Background
Pneumonia is a common and significant complication in patients with acute ischemic stroke. The incidence of pneumonia in patients with acute ischemic stroke ranges from 5 to 26% [1, 2] . Stroke-associated pneumonia (SAP) is correlated with poor functional outcome, prolonged hospitalization and high mortality (up to 6-fold) [2, 3] . Thus, rapid assessment of high-risk patients is thought to be needed. Known predictors of SAP include dysphagia, age, male sex, initial stroke severity, nonlacunar stroke type, diabetes, consciousness, atrial fibrillation and acid-suppressive drugs [1, 2, 4, 5] .
Leukoaraiosis (LA) is a hyperintense lesion seen in the cerebral white matter of T2-weighted magnetic resonance imaging (MRI) [6] , which pathologically correlate with myelin pallor, tissue rarefaction associated with loss of myelin axons, and mild gliosis [7] . LA is frequently found in elderly people, but is especially common and widespread in patients with known vascular risk factors and symptomatic cerebrovascular disease. LA might be important in swallowing and the disruption of corticalsubcortical white matter connections plays an important role in the pathogenesis of dysphagia after stroke [8] . SAP is considered to be the result from the combination of ongoing aspiration and immunological alteration form stroke-induced immunodepression [9, 10] . Thus, the main aim of present study was to investigate that whether larger burden of LA has a positive correlation with SAP in acute ischemic stroke.
Methods

Patients
We retrospectively collected a consecutive series of patients with acute ischemic stroke who visited our stroke center between Jan 2011 and Mar 2013 (n = 1120). Patients were excluded when they met the following criteria: a delay of >24 h from symptom onset to visiting our center (n = 793); age under 18 years (n = 8); and patients without brain magnetic resonance imaging (MRI) (n = 11). Finally, a total of 308 patients remained for secondary analyses (Fig. 1) .
Clinical assessment
We assessed the following baseline demographic information and risk factors of stroke in all participants: age, sex, hypertension, diabetes, hyperlipidemia [11] , atrial fibrillation, and smoking. We also collected initial clinical factors including stroke subtype, stroke location, stroke severity, presence of dysphagia, level of consciousness, and use of thrombolysis therapy. Stroke severity was evaluated using the National Institute of Health Stroke Scale (NIHSS) score on admission and discharge date by trained neurologists. Dysphagia was assessed using a bedside non-instrumented diagnostic test consisting of 3 sequentially performed subtests (semisolid, liquid, and solid textures) [12] . Level of consciousness was dichotomized into normal (NIHSS 1a = 0) and impaired (NIHSS 1a = 1-3). Mechanisms of stroke were classified according to the Trial of Org 10172 in Acute Stroke Treatment classification. The location of the stroke lesions was categorized as either supratentorial or infratentorial. We also collected the information about clinical outcomes including hospitalization duration, discharge NIHSS score, presence of in-hospital mortality, and event of intubation. Patients underwent routine laboratory examination within 24 h from admission including white blood cell count and high sensitivity C-reactive protein levels.
Radiological evaluation
All participants underwent brain MRI and magnetic resonance angiography within 24 h of the visit with a 3.0-Tesla MR scanner (Achieva 3.0; Philips, Eindohovenm, the Netherlands). The MRI protocol included diffusion-weighted images (DWI) [ We assessed the severity of the LA using the Fazekas scale in both the periventricular (0-3) and subcortical areas (0-3) [13] . We then summed the grade from the Fazekas scale in both areas and dichotomized this grade into mild LA (sum of grade, 0-2) and severe LA (sum of grade, 3-6) [14] . Two trained neurologists (K.W.N. and J.S.L.) without clinical information graded the severity of LA and the inter-rater reliability coefficient was 0.93. Disagreements were resolved by discussion with a third reviewer (H.M.K.). We also evaluated for the presence of lacunar infarcts and cerebral microbleeds (CMBs). CMBs were divided into lobar CMBs and deep or infratentorial CMBs according to the location of the lesion [15] .
Definition of pneumonia
A patient was diagnosed as SAP if the lower respiratory tract infection, which met the modified Centers for Disease Control (CDC) and Prevention criteria, occurred within the first 7 days after stroke onset (Additional file 1) [16] . The evaluation of presence of SAP was conducted retrospectively by the neurologists (K.W.N. and H.M.K.), who were blinded to other clinical and radiological factors. Additionally, the chest x-ray was evaluated by one of the study neurologist (K.W.N.) and a specialized radiologist (S.W.P.), with an acceptable inter-rater reliability (kappa coefficient, P = 0.915). We did not categorize the burden of chest x-ray finding into probable and definite SAP, considering the retrospective study design. During the initial three to four days, we observed all participants closely in our specialized stroke unit. After they were transferred to the general ward, we continued to check for the occurrence of SAP.
Statistical analysis
All continuous variables were tested for normal distribution, and skewed variables were transformed to log-scale for further statistical analyses. Continuous variables with normal distribution were presented as the mean ± SD, while nonparametric ones were presented using the median value and interquartile range [IQR] . In univariate analyses, we used Student's t-test for normally distributed variables and the Mann-Whitney U-test for nonparametric variables. For categorical values, we used the chi-square test and Fisher's exact test. In multivariate analyses, we used binary logistic regression to evaluate independent predictors of SAP. Based on the result from the univariate analyses, variables of P < 0.05 were selected for the multivariate analysis. We combined prognostic variables of age, atrial fibrillation, dysphagia, male sex, and initial stroke severity into the A2DS2 score to avoid overfitting, considering the small number of SAP events (Additional file 2). The A2DS2 score was dichotomized into low A2DS2 score (0-4) and high A2DS2 score (5-10) [17] . Level of consciousness was excluded due to close correlation with stroke severity (Pearson correlation coefficient, P < 0.001). All statistical analyses were conducted using SPSS 20 (IBM SPSS, Chicago, IL, USA). A value of P < 0.05 was considered significant.
Results
We collected a total of 308 patients (mean age = 66 years, the median initial NIHSS score = 4 [2] [3] [4] [5] [6] [7] ). The mean onset-to-visit time was 6.4 h. SAP occurred in 44 patients (14%).
Baseline characteristics between patients with and without SAP are described in Table 1 . In the SAP group, age and the initial NIHSS score were higher compared with the non-SAP group. In addition, atrial fibrillation, impaired consciousness, dysphagia and severe LA were more frequent in the SAP group, while hyperlipidemia was less. The median A2DS2 score was 2 and high A2DS2 score was more frequent in the SAP group.
According to multivariate analyses, severe LA [adjusted OR (aOR) = 4.41, 95% CI = 2.04-9.55, P < 0.001], hyperlipidemia (aOR = 0.40, 95% CI = 0.17-0.97, P = 0.043), and high A2 DS2 score (aOR = 6.71, 95% CI = 3.10-14.52, P < 0.001) remained independent predictors of SAP (Table 2) .
We further analyzed characteristics according to the severity of LA in using subgroup analysis. Older age, SAP stroke-associated pneumonia, NIHSS National Institute of Health Stroke Scale, hs-CRP high-sensitivity C-reactive protein female sex, and impaired consciousness were correlated with severe LA (Table 3 ). In the analysis of discharge outcomes between two groups, patients in the SAP group showed longer hospitalization duration, severer discharge NIHSS score, more frequent in-hospital mortality and intubation events ( Table 4 ).
Discussion
In this study, SAP occurred in 14% of patients with acute ischemic stroke, which is similar to what has been reported in previous studies [1, 2, 17] . We also found that severe LA was independently associated with SAP in patients with acute ischemic stroke. We graded LA in both the periventricular and subcortical areas, as the pathology is different between the two regions [18] . Our subgroup analysis according to the locations of the LA consistently revealed severe LA, which defined as 2 or more Fazekas score in each area, as a potent predictor of SAP in both the periventricular (aOR = 4.18, 95% CI = 1.94-8.99, P < 0.001) and subcortical areas (aOR = 3.59, 95% CI = 1.67-7.70, P = 0.001). Thus, the severity or burden of LA appeared to be more important rather than the location in SAP.
The association between SAP and LA may be explained by several hypotheses: First, dysphagia, which is common in patients with acute stroke (up to 67%) [5] , could lead to aspiration and subsequently SAP. Patients with LA are known to be more prone to developing dysphagia according to its severity [19] . It could be caused by a disruption in the connection of white matter and reduced input to the brainstem swallowing center, leading to pseudobulbar palsy [20] . Additionally, LA has been shown to be an independent predictor of dysphagia after acute stroke [8] . Second, it is possible that LA reduces the cough reflex. Decreased dopamine production by massive structural disruption of the LA leads to reduce expression of substance P in the glossopharyngeal nerve and the cervical parasympathetic ganglion, inhibiting the initiation of the cough reflex from pharyngeal, laryngeal and tracheal epithelia, which may lead to aspiration [21] . Third, impaired cognition or consciousness caused by severe LA also increases the chance for aspiration and could have a role in SAP. In this study, we found that patients with severe LA more frequently exhibited impaired consciousness.
The strengths of our study were as following: First, it is the first study about association between SAP and LA as a radiological predictor. Second, we also confirmed that SAP is correlated with poor outcomes in the aspects of hospitalization duration, neurological function and mortality, continued to previous study [2, 3] . We also have several limitations. First, it was a single-center study with a lower statistical power. We are also cautious in generalizing the results because treatment modalities or preventive strategies for pneumonia may be different among centers. Second, we did not measure the size of the infarct, which may be important for SAP, as has been shown in other studies [2, 17, 22] . Instead, we adjusted for the NIHSS score, which is known to be well correlated with the size of the infarct. Thus, we believe that not measuring infarct size may not affect the major outcomes of this study. Third, the effects of pre-stroke functional status (e.g. modified Rankin score, cognitive status) should be considered. Fourth, we did not separate probable and definite SAP according to radiological findings. Thus, SAP group may have possibility of heterogeneous traits with different burden We used binary logistic regression adjusted for hyperlipidemia, A2DS2 score, and severe leukoaraiosis 
Conclusions
In conclusion, severe LA may predict SAP in patients with acute ischemic stroke. In clinical practice, careful observation of these high risk patients can be helpful to find SAP. Although these findings may be interpreted as potential hypothesis generation, further validation by larger prospective studies may be needed. 
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